Remote sensing data are used to discriminate between the different lithologies covering the Um Had area, Central Eastern Desert of Egypt. Image processing techniques applied to the Enhanced Thematic Mapper (ETM+) data are used for mapping and discriminating the different basement lithologies of Um Had area. Principal component analysis (PCA), minimum noise fraction (MNF) transform and band rationing techniques provide efficient data for lithological mapping. The study area is underlain by gneisses, ophiolitic melange assemblage (talc-serpentinite, metagabbro, metabasalt), granitic rocks, Dokhan volcanics, Hammamat sediments and felsites. The resulting gray-scale PC2, PC3 and PC4 images are best to clearly discriminate the Hammamat sediments, amphibolites and talc-serpentinites, respectively. The gray-scale MNF3 and MNF4 images easily discriminate the felsites and talc-serpentinites, respectively. The band ratio 5/7 and 4/5 images are able to delineate the talc-serpentinites and Hammamat sediments, respectively. Information collected from gray-scale and false color composite images led to generation of detailed lithologic map of Um Had area.
Methodology
Landsat-7 ETM+ sensor has eight broad spectral bands, three visible bands (1, 2, and 3), one near infrared band (4) and two short-wave infrared bands (5 and 7). These bands have a spatial resolution of 30×30 m. The thermal infrared band (6) has a 60×60 m spatial resolution, while the panchromatic band (8) has 15×15 m spatial resolution. For lithologic mapping and discrimination between the different rock units at Um Had area, image subset of ETM+ data (174/42 path/row, acquisition date 09/03/2005) have been processed using the ENVI 4.5 (ENVI® image processing and analysis software, from ITT Visual Information Solutions). The image processing techniques such as PCA, MNF and band ratios were applied to achieve the main purpose of the present study.
Figure 1. Location map of Um Had area, Central Eastern Desert of Egypt

Test Site Description
The Eastern Desert of Egypt constitutes the northwestern end of the Nubian segment of the Arabian-Nubian Shield (ANS) that formed through a series of subduction, accretion and crustal thickening processes during the Neoproterozoic Pan-African Orogeny (Engel et al., 1980; Stern, 1994; Johnson & Woldehaimanot, 2003) . The most prominent feature of the basement rocks in the Eastern Desert is the presence of dismembered ophiolites, metamorphosed volcano-sedimentary successions and calc-alkaline I-type intrusive complexes. The final stage (between 614 and 550 Ma) in the Pan-African crustal evolution in Egypt was characterized by the eruption of Krich volcanic rocks (Dokhan volcanics) and emplacement of shallow level felsic intrusions (Egyptian Younger Granites). Consequently, the Eastern Desert of Egypt is almost exclusively built up of: 1) island arc assemblage (850-614 Ma; Kröner et al.,1992; Stern, 1981; Stern & Hedge, 1985) ; 2) ophiolitic sequences (810-730 Ma; Kröner et al., 1992) ; 3) older granitoids (750-610 Ma; Hashad, 1980; Mogahzi, 1999; Stern & Hedge, 1985) ; 4) Dokhan volcanic suite (630-580 Ma; Stern & Hedge, 1985; Abdel-Rahman & Doig, 1987; Stern & Gottfried, 1986; Wilde & Youssef, 2000; Breitkreuz et al., 2010) ; 5) molasse-type Hammamat sediments (610-585 Ma; Wilde & Youssef, 2002; Willis et al., 1988) , and 6) younger granitoids (610-550 Ma; Stern & Hedge, 1985; Mogahzi, 1999; Moussa et al., 2008) .
Um Had area is occupied mainly by ophiolitic mélange assemblage represented by serpentinites, metagabbro, and metabasalt. The ophiolitic mélange rocks are intruded by granitic rocks, and overlain by Hammamat sediments (Figure 2 ). The ophiolitic mélange rocks are composed mainly of serpentinites, metagabbros and metabasalts. The ophiolitic mélange assemblage is intruded by post-emplacement younger granites and later basic to acidic dykes that cut all of the ophiolite units. The Um Had area contains a large elliptical structure trending northwest outlining a core of medium-to high-grade partly gneissic rocks enclosed by a domed thick mylonitic shear zone (e.g., Fowler, 2001 ). The core is up-heaved by the Um Had granitoid intrusion. The latter and its equivalents scattered throughout the Egyptian Eastern Desert was emplaced during Pan-African orogeny. These granitoids are referred to as late-to post-orogenic calc-alkaline to transitional A-type granitoids, interpreted by Black and Liegeois (1993) as being the result of delamination of the continental lithospheric mantle following the tectonic collisions of East and West Gondwana. These granitoids are characterised by unfoliated, small, nearly circular to elongate epizonal plutons with sharp intrusive contacts. The southern, SW and SE contacts of this intrusion dip generally at moderate angles outwards, whereas, the western and eastern contacts are steep and associated with syn-intrusion faulting. On the other hand, the northern edge is defined by the northernmost significant dykes cropping out along Wadi Shegila. To the west and south of Um Had intrusion, the Dokhan volcanics and Hammamat sediments crop out.
Figure 2. Geological map of the Urn Had granitoid intrusion, Central Eastern Desert of Egypt
Image Processing of ETM+ Data
Several processing techniques using the six visible-near infrared (VNIR) and shortwave infrared (SWIR) ETM+ bands have been proposed to discriminate lithologies and to highlight the abundance of minerals or natural resources (e.g., Kaufmann, 1988; Madani et al., 2003 , Ramadan & Kotny, 2004 Al Rawashdeh et al., 2006; Dogan, 2008 , Rajesh, 2008 Madani, 2009; Shalaby et al., 2010 , Abou Elmagd et al., 2013 . The current contribution aims to apply three processing techniques (PCA, MNF and band ratios) to differentiate between different lithologies at Um Had area.
Principal Component Analysis (PCA)
The principal component analysis is the image processing technique commonly used for analysis of correlated multidimensional data. It is multivariate statistical method used to compress multispectral data sets by calculating a new coordinate system and redistribute data onto a new set of axes in multidimensional space (Drury, 1987; Gupta, 1991) . The PCA may be carried out for multispectral data sets consisting of any number of bands to produce sets of perpendicular PC-axes; each PC-axis has new pixel values (Moik, 1980) . So, one digital PC-image for each PC-axis can be made and the obtained PC-images may be displayed separately as single stretched PC-images or used as a component in color composite PC-image. According to Singh and Harrison (1985) , two types of principal component analysis can be distinguished, depending on the procedure by which the principal components are mathematically calculated. The un-standardized PCA uses the covariance matrix obtained from the input multispectral data, whereas the standardized PCA uses the correlation coefficients instead of covariance matrices for calculating the principal components. The principal component transformation has several advantages, where most of the variance in a multispectral data set is compressed into one or two PCimages. Moreover, noise may be relegated to the less correlated PC-images and the spectral differences between materials may be more apparent in PC-images than in individual bands (Sabins, 1997) . In the present study, the PCA technique has been applied on the six VNIR and SWIR ETM+ bands. The resultant gray-scale PC2-image is best to discriminate the Hammamat sediments with bright tone and the amphibolites with dark tone (Figure  3a) . The PC3 image (Figure 3b) successes to delineate the amphibolites with bright tone, meanwhile the PC4 image (Figure 3c ) is able to distinguish the serpentinites with bright tone and the gneisses with dark tone. In the three PC images, Um Had granites appear with gray tone. The false color combination of PC4, PC2 and PC3 was created in red, green and blue channels, respectively (Figure 3d ). This FCC PC image is able to distinguish between most of the rock units at Um Had area. The Um had pink granite and granodiorite are exhibit olive green and bluish green signature, respectively. The talc-serpentinites have yellowish and orange image signature, while gneisses show dark blue signature. On the other hand, Hammamat sediments exhibit pale green and cyan image signature, while Dokhan volcanics have bluish signature. The amphibolites and felsites show pinkish blue and lemon image signatures, respectively. The siliceous sedimentary cover, quartz veins and mélange materials exhibit reddish image signature.
Minimum Noise Fraction (MNF)
The minimum noise fraction (MNF) algorithm is applied to reduce spectral and spatial complexity of the data. The MNF processing reduces the spectral dimensionality of data by locating linear combinations of bands that match the inherent dimensionality of the data. So, the (MNF) transform is used to determine the inherent dimensionality of image data, to segregate noise in the data, and to reduce the computational requirements for subsequent processing (Boardman & Kruse, 1994) . The MNF transform as modified from Green et al. (1988) is essentially two cascaded Principal Component transformations. The first transformation, based on an estimated noise covariance matrix, decorrelates and rescales the noise in the data. This first step results in transformed data in which the noise has unit variance and no band-to-band correlations. The second step is a standard Principal Components transformation of the noise-whitened data. The MNF transform technique was applied on the nonthermal six ETM+ bands. On the gray-scale MNF1 image (Figure 4a ), the Hammamat sediments show dark gray tone, while the MNF3 image (Figure 4b ) discriminates clearly the amphibolites with dark gray tone and felsites with bright tone. On the other hand, the MNF4 image is best to delineate the talc-serpentinites with bright tone and the gneissose rocks with dark gray tone (Figure 4c ). The false color composite MNF-image was generated from combination of MNF4, MNF1 and MNF3 in red, green and blue channels respectively (Figure 4d ). This image clearly differentiates between the ophiolitic mélange rocks (pinkish), Hammamat sediments (purple), Dokhan volcanics (dark green), and gneisses (bluish green). The Um Had pink granites (lemon) are easily distinguished from the granodiorites (blue). Also, felsites exhibit light cyan image signature, whereas the amphibolites show reddish signature.
Band Ratios (BR)
Band rationing is an extremely useful processing technique for enhancing features in remote sensing images. It has been used for many years in remote sensing to effectively display spectral variations and extract valuable information. Drury (1993) prepared simply the band ratio by dividing the digital number (DN) values of each pixel in one band by the corresponding DN values of another band. Since ratios seldom fall outside the range 0.25-4.0, in order to display the ratio the values must be re-scaled to 0-255 range. Band ratio technique enhances the objects based on the differences in reflectivity between the numerator and denominator spectral bands. Frei and Jutz (1989) mentioned that there are some effective factors controlling the lithological mapping using remote sensing techniques including the increased concentration of minerals relative to the background in the locality and the mineral assemblage characteristics. The main advantage of band ratio images is that they used to reduce the variable effects of illumination condition, thus suppressing of the expression of topography (Crane, 1971) . Also, band ratio is a data compressive nature, thus band ratio images are less correlated and chromatically enhanced than original bands.
Several researchers dealt with the lithological mapping using band ratio images which was applied on Thematic Mapper images (e.g., Abrams et al., 1983; Kaufmann, 1988; Abdelsalam & Stern, 1999; Sultan et al., 1986; Kusky & Ramadan, 2002; Gad, 2002; Gad & Kusky, 2006; Frei & Jutz, 1989; Sabins, 1999 ). In the current contribution, the band ratios (5/7), (4/5), (3/1), (5/1), (5/4) and (3/4) were applied on the ETM+ subset covering Um Had area. The band ratio 5/7 image (Figure 5a ) clearly discriminates the talc-serpentinites (bright tone) and gneissose rocks (dark gray tone). On the other hand, the band ratio 4/5 image (Figure 5b ) is able to identify the amphibolites (dark tone) and Hammamat sediments (bright tone). The band ratios 5/7, 4/5 and 3/1 were merged together in red, green and blue channels (Figure 5c ). This FCC band ratio image differentiates between the talcserpentinites (yellow and orange), amphibolites (dark red), gneisses (greenish blue), Hammamat sediments (lemon), Dokhan volcanics (dark green), Um Had granites (bluish and light green) and the siliceous rocks (pink). Moreover, the FCC band ratio (5/7, 5/1, 5/4*3/4) image was processed (Figure 5d ) and clearly discriminates the ophiolitic mélange rocks (pinkish), Hammamat sediments (reddish), Um Had pink granites (pale green), granodiorites (bluish green) and felsites (cyan). Integration of all information extracted from the processed ETM+ images resulted in generation of a new detailed lithologic map for Um Had area (Figure 6 ). This map shows clearly the spatial distribution of different varieties of the ophiolitic mélange assemblage, granitic rocks, Hammamat sediments, Dokhan volcanics and felsites. 
Conclusions
Space-borne data processing techniques enable the rapid and inexpensive mapping of surface geological and mineralogical features. This capability proves highly useful when working on arid areas. In this study, several enhancements of Landsat Enhanced Thematic Mapper plus (i.e., band ratios, false colour composites and principal component analysis) were used and evaluated to obtain the best possible visualisation the various lithological units underlying the Um Had area, Central Eastern Desert of Egypt. The resulting gray-scale PC2, PC3 and PC4 images are best to clearly discriminate the Hammamat sediments, amphibolites and talcserpentinites, respectively. The MNF3 and MNF4 images are found able to discriminate the felsites and talcserpentinites, respectively. The band ratio 5/7 and 4/5 images are able to delineate the talc-serpentinites and Hammamat sediments, respectively. Information collected from gray-scale and false color composite images led to generation of a new comprehensive geological map of the study area. This work demonstrates the usefulness www.ccsenet.org/jgg
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